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INTRODUCTION
Many fires, excluding perhaps those caused by lightning, are, 
in the beginning, started by a very small source of heat. This heat 
source may take one of a number of different forms, such as a burning 
cigarette, a glowing twig or ember produced by a going fire, a spark 
from an internal combustion engine, or any of a number of other possible 
ignition sources.
Whether these tiny heat sources produce a going fire or simply 
burn out depends upon the influence of many factors. Some of these 
factors may be: a) moisture content of the fuel b) temperature and
heat content of the ignition source c) fuel density d) thermal con­
ductivity e) quantity of extractives f) ignition temperature 
g) specific gravity h) size and arrangement of the fuel particles 
i) temperature and relative humidity of the surrounding air.
The importance of ignition probability can be illustrated by the 
following example. If the convection column of a wild fire disperses 
glowing or flaming embers at the rate of 10,000 per hour, and .1 percent 
of these embers produce a spot fire, then 10 spot fires per hour will 
result. However, if 5 percent of the falling embers produce spot fires, 
then 500 fires per hour will result. As these spot fires increase in 
size, they contribute significantly to the rate of spread of the fire 
as a whole. In this way, the less obvious factors controlling fire 
propagation may greatly influence the intensity of a going fire.
Because of the large number of factors affecting ignition it 
was considered best to limit this study to those which would seem to
1
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have the most influence: moisture, fuel type, and firebrand temper­
ature. The tests were conducted on three fuels using five moisture 
content levels and five firebrand temperatures.
The research was conducted at the Northern Forest Fire 
Laboratory Intermountain Forest and Range Experiment Station, United 
States Forest Service in Missoula, Montana.
OBJECTIVES
1. To develop a suitable ignition device for producing temperatures 
within a range of 200 to 600 degrees Centigrade, yet capable of 
maintaining several constant temperatures within this range.
2. To determine the effect of the temperature of the ignition device, 
various fuel moisture contents, and three different fuels on the 
time required to produce a self-sustaining exothermic reaction.
REVIEW OF TEE LITERATURE
Types of Firebrands
Ignition probability is one of the most important combustion 
characteristics involved in fire propagation by transport of burning 
embers. Ryram (3) reports that specific fuel characteristics which 
make plentiful and efficient firebrands are not known*/ however^ some 
of these may be: a) light enough to be carried aloft in the updrafts
b) capable of burning for several minutes. Some efficient firebrands 
are decayed punky material, charcoal, bark, clumps of dry duff and dry 
moss.
Two types of firebrands are: a) flaming, which has the highest
ignition probability and is most effective over short distances 
b) glowing, which are the most common, and even though less efficient, 
responsible for starting spot fires at greater distances.
Keetch (12) has investigated the relative importance of various 
fire brands as ignition agents. These are listed as follows with the 
most effective agent first.
1. Broadcast slash pile burning.
2. Large bonfires or burning slash piles.
3• Small campfires.
k. Burning stick matches.
5 . Lighted safety and book matches.
6. Pipe heels.
7. Locomotive spar-ks.
8. Fast-burning cigarettes.
9 . Lighted cigars.
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In general the tests indicated that burning matches seldom 
start a fire when surface fuel moisture is greater than 15 percent.
Cigarettes rarely cause ignition in the absence of a wind, 
but start a smoldering area that requires a breeze to fan it into 
flame. Matches are not affected by winds up to four miles per hour, 
but faster winds will extinguish the match.
Tests with firebrands were inadequate to establish definitely 
the susceptibility of each fuel to ignition. Considerable evidence, 
however, does indicate that matches and cigarettes are effective on 
major fuels as follows, in decreasing order: for matches: l) pure
coniferous duff 2) coniferous-hardwood mixture 3) hardwood litter 
4) rotten wood; for cigarettes: l) rotten wood and 2) other fuels.
Heating Rate of Wood
According to Chudinov (6), at the beginning of the heating pro­
cess the wood layers nearest the surface heat up fastest, and the 
heating rate at the surface itself approaches infinity at the first 
moment. As time elapses, the rate of heating of the internal layers 
increases, whereas that of the layers close to the surface decreases 
and tends to zero.
While the point of maximum heating rate shifts in the course 
of time toward the interior of the heated part, t'ce absolute value of 
that maximum decreases at the same time.
Each point of the heated part has its own definite maximum 
heating rate, which corresponds to a certain definite moment of the 
heating process.
Browne (2) has reported that the minimum rate of heating by
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radiation necessary for ignition by pilot flame is of the order of 
.3 calories/cm^/sec., but .6 cal/cm^/sec. for spontaneous ignition.
Lawson (13) reports that if heating is rapid compared with 
the heat liberated by the chemical, processes of decomposition, pre­
diction of the time of ignition becomes a problem solely of heat 
transfer. It has been found that ignition usually occurs spontaneously 
when the surface has reached a temperature of just over ^00 degrees 
Centigrade. If some igniting source is present, ignition takes place 
when the surface temperature is much lower, i.e. in the region of 
280 degrees Centigrade. These temperatures seem to be independent 
of species.
The time at which ignition takes place depends or: the rate of 
surface heating of the specimen and decreases as the intensity of 
radiation is increased. This decrease in ignition time is due to the 
surface of the specimen being brought more rapidly to the temperature 
at which ignition takes place. For a given intensity of radiation 
the denser woods take longer to ignite than lighter woods because they 
have a higher thermal conductivity, thus the heat is more rapidly 
conducted away from the surface layers. Increased density also has the 
effect of increasing the thermal capacity of the subcutaneous layers 
and this again assists the heat transfer from f :e surface.
Smoldering combustion takes place slowly in cellulcsic materials 
having a low density. Under these conditions the thermal economy is 
good because the combustion zone is well insulated and the oxygen re­
quirements are consequently low. This means that air can diffuse 
slowly throughout the fuel.
T
The thermal economy of flaming combustion is much lower than
that of smoldering, as heat is transferred by radiation and convection
from the flames to the surroundings and only about one-third is trans­
ferred back to the material to aid combustion. This heat from the 
flames raises the temperature of the wood to produce a continuous 
supply of fuel in the form of combustible gases of pyrolysis. As com­
bustion proceeds, a layer of charcoal is built upon the surface and 
this prevents the efficient transfer of heat from the flame to the 
as yet unburnt layers beneath the surface.
The Course of Combustion in Air
Four combustion zones are recognized in the burning process. 
These zones as described by Browne (2) are given below.
Zone A up to 200 degrees Centigrade. In this zone the gases
evolved by very slow pyrolysis are not ignitible. Oxidation reactions
occur that are exothermic and may lead, under conditions in which the 
heat is conserved, to self-heating and even to self-ignition. Sound 
wood, however, does not ignite within zone A.
Zone B - 200-280 degrees Centigrade. The temperature at which 
the overall reactions of pyrolysis and oxidation become detectably 
exothermic has been taken as a definition of the ignition point of 
wood, even though spontaneous flaming does not occur until higher 
temperatures are reached. The exothermic point varies with time and 
temperature, so has been reported at 235-240 degrees Centigrade, 
232-260 degrees Centigrade, and 192-220 degrees Centigrade.
Zone C - 28O-5OO degrees Centigrade. The mixture of gases 
copiously evolved in Zone C at first should be too rich in carbon
dioxide and water vapor to sustain flame^ but soon become more combustible 
as a result of secondary pyrolysis. The gases may then be ignited by a 
pilot flame. At this stage, flaming combustion occurs entirely in the 
gaseous phase because rapidly emerging gases lack necessary oxygen until 
they have gone far enough to mix with air in proportions required for 
flaming.
If there is no pilot flame, there may be no flaming until pyro­
lysis in zone C is nearly complete, and the emission of gases slows 
enough to let air make contact with the charcoal layer- Charcoal has 
a lower temperature of spontaneous ignition than any other of the major 
products of pyrolysis. Spontaneous ignition of charcoal is reported 
at temperatures as low as 150 to 250 degrees Centigrade. When wood 
ignites spontaneously, it is therefore the charcoal that takes fire 
first, late in zone C, after the first vigor of emission of gases is 
over and air can reach the solid surface.
Self-sustaining diffusion flames from organic fuels burn at 
1100 degrees Centigrade or somewhat more. One-half to two-thirds of 
the heat of combustion of wood is liberated in flaming, the balance 
in glowing combustion of the charcoal.
According to Blackshear (l) most of the decomposition occurs 
in zone C and the heat flux has its greatest effect here. At low 
heating rates rather simple cleavage of bonds is optais»! and simple 
products result as listed below.
Low Rate Pyrolysis of Cellulosic Materials
Reaction Zone Temp. °C Process Main Volatile Products
A 200 Dehydration Water vapor
B 200 - 280 Endothermie COg, HgO^ acetic acid
C 280 - 500 Exothermic CO, COp, acetic acid.
Process to formic acid, ethanol.
Char acetaldehyde, acetone,
diacetyl, methylethyl 
keytone, ethylacetate, 
and tars
D 500 Gasification Hg and CO
of Char
Zone D - $00 degrees Centigrade. In this zone the charcoal 
glows and is consumed. The interior of the piece of wood may still he 
in zones B or C When the surface temperature Is 1000 degrees Centi­
grade (yellow-red heat) carbon is consumed at the surface as fast as 
the reaction zones penetrate. The luminous diffusion flames give way, 
as the reactions of primary wood pyrolysis become exhausted, to the 
nonluminous diffusion flames of burning carbon monoxide and hydrogen. 
When the carbon monoxide and hydrogen are gone the remaining charcoal 
merely glows with little or no flame.
Wood may be said to burn directly if its s’lrface is irradiated 
so intensely that the temperature is raised to the point of spontaneous 
ignition within a fraction of a second, so that pyrolysis and combustion 
are practically simultaneous. Even then direct combustion is confined 
to a thin surface layer. Thin sheets of alpha cellulose that are ex­
posed to short pulses of radiant power of 20 to 30 cal./sq. cm./sec. 
lose only part of their thickness in flame, leaving an extremely shallow 
layer of char that is backed by apparently unchanged cellulose.
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Rapid heating through the range of active pyrolysis tends to 
produce little charcoal; much tar and highly flammable gases that are 
rich in hydrogen; carbon monoxide and hydrocarbons; slow heating 
tends to produce much charcoal; little tar and less flammable gases 
in which there is much water and carbon dioxide.
Ignition Temperature
Wood does not seem to have a specific ignition temperature, 
but rather will ignite within a large range of temperatures, rfetson, 
Dufour and Breen (l4) present records of actual incidents, laboratory 
reports on experiments, and published technical literature which in­
dicate authentic instances of the ignition of wood surfaces exposed 
for long periods of time to low pressure steam pipes whose temperature 
was on the order of 100 to 120 degrees Centigrade.
Tang (21) reports that pyrolysis of wood in air is modified by 
oxidation and combustion of the products. Oxidation is exothermic 
even at ambient temperatures. Above 28o degrees Centigrade, gas phase 
products of pyrolysis can be readily ignited by pilot flame, but if no 
flame is present, there may be no ignition until the temperature is 
near 350 degrees Centigrade.
Traux (22) placed l-l/4" x l-l/4" x k"' wood blocks in a heated 
air stream of constant temperature. Air dry specimens could be heated 
to 157 to 194 degrees Centigrade without pilot ignition within forty 
minutes. These tests were conducted for several species, and in 
general the low density species ignited at lower temperatures than 
high density species.
According to Byram (3 ) there is a difference in ignition pro-
11
babllity between glowing and flaming firebrands due to their difference 
in temperature. Glowing material quickly forms a film of ash which 
partially excludes oxygen and therefore lowers its burning rate and 
reduces the temperature to about 649 degrees Centigrade.
Relative Humidity and Fuel Moisture Content
Steen (20) measured the manner in which fuel moisture varied 
with relative humidity at the Wind River Experiment Station near Carson, 
Washington. The fuels used in the study were:
1. Fine screenings from decayed Douglas-fir.
2. Duff from overmature stands of Douglas-fir and western hemlock.
3. Dead ponderosa pine needles from the top of the duff layer.
4. Dead western bracken (Pteridium aquilinum) from the previous 
growing season.
5. Cheatgrass.
Although the trend of fuel moisture closely followed relative 
humidity, the fuel moisture that accompanied a given humidity varied.
This variation was greatest when humidity was rising or falling. The
relative humidity and fuel moisture was more consistent in the after­
noon than in the morning.
During midday, cheatgrass and rotten wood had the lowest moisture 
content. Pine needles and duff showed less response to humidity change. 
When relative humidity was 30 percent, the fuel moisture was about 5 per­
cent, and when the humidity was 50 percent, the fine fuel moisture was 
less than 10 percent, except for bracken.
The following graph shows how relative humidity and fuel moisture 
correspond.
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Relation Between Relative Humidity and Moisture Content of Some Fine Fuels
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The Effect of Moisture on Combustion
Byram (3) states that relative humidity (working through fuel 
moisture) affects rate of spread in two ways: 1. Effect on fuel com­
bustion rate and rate of spread of the ordinary flame front. 2. Effect 
in accelerating rate of spread and fire intensity by increasing pro­
bability of ignition from falling embers.
Fons (9 ) has investigated how the ignition time of various sizes 
and species of wood cylinders is affected by moisture content. He found 
that ignition time varied directly with moisture content. For one-quarter 
inch specimens exposed to 621 degrees Centigrade, the increase in time 
exceeded that attributable to increased specific heat due to higher 
moisture content.
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Byram (5) reports two effects of moisture on ignition:
1. Moisture increases the amount of heat required' to bring 
wood up to the ignition temperature
2. Additional heat is required to separate bound water from 
wood and to vaporize this water.
He adds that the limiting moisture content at which combustion 
can continue depends greatly on fuel compactness, size of burning 
particles, efficiency of ventilation and self-heating by radiation.
Fairly compact beds of pine needles have a limiting moisture content 
for combustion in the neighborhood of 20 percent.
Haslam and Russell (11) report that the presence of water is 
essential for a number of reactions. Dry carbon monoxide and oxygen 
will not explode, although the mixture becomes explosive as soon as a 
trace of water is added. Apparently, a small amount of moisture acts 
as a catalyst in starting the reaction. The mechanism of the process 
is, however, little understood.
Moisture also seems to have an effect on the behavior of explosion 
waves. Up to 50 percent water vapor in the gaseous mixture increases the 
velocity of the explosion of carbon monoxide. However, further increases 
in the moisture content of the gas mixture retards the explosion velocity.
The amount of moisture in coal also seems to affect its combustion. 
In small amounts, up to 5 percent, moisture speeds up the com'^uftion of 
carbon monoxide, but an increase in water content beyond this point re­
tards the reaction.
Aside from its influence on the speed of combustion of carbon 
monoxide, moisture, in greater concentrations, also functions as a diluent
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of the reacting gases, thus making combustion more difficult. For 
example, in burning Illinois coal having 16 percent moisture content 
with 50 percent excess air and 3 percent of undeveloped heat, at a rate 
of 50 Ibs./sq. ft./hr., an analysis of flue gas leaving the furnace is 
as follows:
Analysis of Flue Gas When Burning Illinois Coal 
Constituent ' Percent
Nitrogen 75.4
Carbon Dioxide I3 .O
Water 7 .0
Combustibles
Oxygen 4.0
Carbon Monoxide 0.6
Thus, although water vapor is only 7 percent of the furnace 
gas, it is greater in volume than the combined volume of the two re­
acting gases, carbon monoxide and oxygen. In such cases the moisture 
probably retards the concentration of reacting gases and cuts the 
temperature in the combustion chamber.
Spotting and Fuel Moisture
Morris (16) kept records of fuel moisture for a number of slash 
burns. For 77 fires that did not spread readily but required lighting 
in many places, the fuel moisture averaged 16.6 percent in the slash and 
22.2 percent in the surrounding timber, as indicated by the fuel moisture 
sticks.
For 55 fires that spread readily, but did not spot outside the 
slash area, the fuel moisture in the slash averaged l4.2 percent. In
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the adjacent timber the füel moisture was 20.2 percent.
For 39 fires that spread readily and spotted outside the slash 
area, the moisture content of the slash averaged 13.8 percent, while 
the surrounding timber averaged 18 .5 percent.
Other factors were influencing the burning, because, for example, 
11 percent of the fires that did not spread readily burned when the fuel 
moisture was less than 13 percent, which is drier than the average for 
the fires that spotted. In contrast, of the fires that spotted readily, 
l4 percent burned when the fuel moisture was greater than I7 percent.
Countryman (7 ) gives an account of three Los Angeles fires which 
began on March 16, 1964 in the Verdugo Mountain area. The strongest 
Santa Ana winds of the year soon whipped these fires into major con­
flagrations. He states there was an unusual amount of spotting from all 
three fires, probably the result of the fine fuel moisture which ranged 
from 1 .5  to 9-7 percent.
Volatiles
Mutch (1 7) defines ignition delay as the duration of temperature 
influence until ignition occurs at a fixed inlet of oxygen per unit of 
time. In studying the ignition delay of ponderosa pine needles and 
sphagnum moss, he found that other extraction of volatiles did not 
produce significant differences in spontaneous ignition delay, but ex­
tracted samples showed significantly longer pilot delays.. Porter (1 8) 
also states that the relative content of volatile matter of fuels is 
not an index to their ease of ignition.
Fuel Particle Size
According to Porter (1 8) fuel particle size has a great influence
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upon its ignitibility. This factor is very important where ignition 
often depends upon the fineness of fuel particles, amount of surface 
exposed within a unit space, porosity and physical condition of the 
fuel.
Thermal Conductivity
%rram, Fons, Sauer and Arnold (5) state that ignition charac­
teristics of semi-infinite solids such as decomposed wood differ greatly 
from those of thin, non-decayed materials. Even the ignition process 
seems different. For substances such as leaves and non-decayed wood, 
ignition by radiation probably occurs when residual charcoal reaches a 
temperature of 627 degrees Centigrade, which ignites the distilled gases. 
In punk, distilled gases probably do not contribute as much to ignition 
or combustion as they do in non-decayed fuels. Funk seems to burn more 
like carbon or powdered charcoal. Its ignition temperature may be as 
low as 327 degrees Centigrade. Due to low thermal conductivity, isolated 
smoldering spots on the surface tend to conserve their heat and spread 
slowly throughout the volume of the material. This slow process also 
favors contribution of exothermic heat. Fire may smolder in decayed
wood for days or weeks before igniting materials in which the fire spreads
rapidly.
Eyram and others found that thermal conductivity of wildland 
fuels was primarily a function of specific gravity.
McLean's equation (5) (4) for thermal conductivity is as follows: 
k=(4.78 t .097M)s t =668 % lo'^ (o<M<4o)
K î  (4.78 t .130M)S +  =660 X. 10 “^ (M^4o)
where K= thermal conductivity in cal/cm^/sec. (°c/cm)
IT
M ^moisture content (̂ )
S = specific gravity based on oven dry weight and wet 
volume at current moisture content,
Ponderosa pine needles having a specific gravity of -51 have a 
thermal conductivity of .0003 cal/cm^/sec.(°c/cm) when oven dry. Simi­
larly ̂ oven dry Douglas fir punk having a specific gravity of .25 has a 
thermal conductivity of .000175 cal/cm^/sec.(°c/cm).
Specific Gravity
McNaughton (15) gives a general rule indicating that a species 
of wood having a low specific gravity could be expected to ignite more 
readily than one of a high specific gravity, provided that the specimens 
did not vary greatly in their content of resin or other extractives that 
would influence their behavior. Specific gravity of the test piece is 
more important than species characteristics in influencing ignition 
when specimen size, moisture content and condition of fire exposure 
are identical.
Fons, Clements, Elliot, and George (lO) conducted an experiment 
in which they burned wood cribs to determine the effect of specific 
gravity on the rate of fire spread for different moisture contents.
The rate of spread increased rapidly with decreasing moisture contents 
for specific gravities of less than .45 and moisture contents of less 
than 10 percent. The following graph illustrates the effect of 
moisture content and specific gravity on the rate of the spread.
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Specific Heat
Dunlap (8) reports that the specific heat of wood may be con­
sidered to be .327, this figure remaining neaxTy constant for all 
species.
The variation in specific heat within a species due to the 
locality in which it grew was so small that it furnished no basis for 
concluding that locality influences the specific heat of wood.
The differences in samples taken from the heartwood and sapwood
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on a line passing from the pith to the bark were even smaller than the 
differences in species grown in different localities.
In summary, it seems that a number of factors have an effect 
on the ignitibility of forest fuels. Fuel particle size is important 
because the smaller particles have a higher surface area to volume ratio, 
and therefore heat up to the ignition temperature faster. Fuels having 
a low thermal conductivity tend to burn slowly and keep heat concentrated 
within a small volume. Ignition tends to occur at lower temperatures 
for fuels having low density or specific gravity; however, the volatile 
content does not seem to have a major influence on spontaneous ignition. 
These factors may remain fairly constant within a specific fuel. However, 
the moisture content of the fuel, temperature of the ignition source, and 
length of time the fuel is exposed to this temperature are factors which 
can vary widely at different exposures of fuels to firebrands. It is 
for this reason the latter variables are of the most interest.
METHODS
Ponderosa pine needles collected for the tests were those cast 
during the current year. They were cleaned of all foreign materials 
such as twigs, leaves, cones, etc. The needles were broken approxi­
mately in half before being placed in the fuel tray so they would lie 
flat and somewhat more compactly.
The two samples of decayed Douglas-fir wood were obtained from 
widely separated locations. The lighter sample, specific gravity, 
.0226, was collected in Powell County while the heavier sample, having 
a specific gravity of .0297 was collected in Missoula County.
The chunks of decayed wood were ground in a Wiley Mill and 
passed through a screen having two millimeter holes. Each of the two 
samples was thoroughly mixed to evenly distribute any differences in 
specific gravity which might have existed within the samples.
Fifteen trays of each of the three fuels were prepared for the 
testing of each fuel moisture level. Tîr:e trays were rectangular alumi­
num foil pans measuring 13.2 cm by l4.7 cm. Thirty-five grams of 
ponderosa pine needles were placed in each tray while 78 grams of the 
wood samples were used per tray.
All 45 trays required for the testing of each moisture 
level were placed in the conditioner- After 48 hours, three samples 
were taken of each of the three fuels. These samples were weighed 
to the nearest tenth milligram, placed in an oven at 110 degrees 
Centigrade for 24 hours, cooled and reweighed. If the mois­
ture content of these samples was satisfactory, testing of that
20
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particular moisture level was "begun.
Four days were required for the testing of each moisture level. 
Three samples of each fuel were collected at the beginning and end of 
each day's tests so the average fuel moistures for that day could be 
determined.
The desired fuel moistures were obtained by controlling the 
relative humidity in the conditioner with an open pan of a saturated 
salt solution. The salts used and their average resulting fuel moistures 
were as follows:
Salt Average Fuel Moisture (
KOH 4.9
MgClg 6 .7
MgBOg 8.8
WaCl 11.2
Nag80k 14.1
The ignition probe consisted of a U-shaped portion of a round 
calrod unit having a diameter of .64 cm. Figure 1 shows the construction 
of the probe.
The following picture shows the apparatus in its entirety, the 
main components being the three resistors, ammeter, potentiometer 
and ignition probe.
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The probe was held in such a way that when it was lowered onto 
the fuel bed, only the weight of the prcle (48 grams) rested on the fuel.
By varying the wattage supplied to the proTre, any desired tem­
perature from 200 to 600 degrees Centigrade could be attained. The 
temperature of the probe was adjusted prior to each test with the aid 
of a thermocouple. When the probe was of the proper temperature this 
thermocouple was swung to the side to make room for the fuel tray.
A second thermocouple was placed 1.$ mm from the probe to in­
dicate when the fuel temperature reached 330 degrees Centigrade, the 
temperature designated as the first ignition point. This thermocouple 
could not be placed closer than 1.5 mm from the prole, otherwise when 
the probe temperature was 600 degrees Centigrade the thermocouple would 
indicate a temperature greater than 330 degrees Centigrade, the tem­
perature designated as the first ignition point.
The sequence of events in the experimental procedure was as
follows :
1. Heat ignition probe to the desired temperature.
2. Swing thermocouple used to measure probe temperature to side.
3. Connect to potentiometer, the thermocouple used to determine 
the first Ignition point.
4. Take moisture content samples from trays.
5. Weigh these samples.
6. Set stop watches to zero.
7 . Remove fuel tray from conditioner and place directly under
probe.
8. Place wire indicating boundary of second ignition point-in 
the tray.
2k
9 . Let probe down on fuel, simultaneously starting stopwatch.
10. Measure time to first and second ignition points.
11. Remove probe from fuel tray and place tray to one side.
12. Place wire indicating third boundary in tray.
1 3 ' Measure time required for fuel to burn to third boundary.
l4. Upon completion of a day's testing, three more moisture
content samples were taken of each fuel. These samples
were weighed, and, together with those taken at the be­
ginning of the day's testing, placed in a 110 degrees 
Centigrade oven for 2k hours.
A wire bent into the shape of an ellipse was used as a reference 
for measuring time to the second ignition point. The major axis of the 
ellipse was $.2 cm, while the minor axis was 2 .5 cm. The wire maintained 
a constant distance of 1 cm. from the nearest portion of the ignition
probe. As soon as any portion of the burning front touched any segment
of the wire, the time to the second ignition point was recorded.
A similar procedure was employed for determining the time to the 
third ignition point. In this case a wire boundary forming an 11.4 cm 
square was used.
All time measurements were made to the nearest hundredth minute.
EXPERIMENTAL DESIGN
Time measurements were recorded at each of three positions of 
the burning front for each combination of fuel type^ moisture content 
and ignition probe temperature. Three replications were burned for each 
set of conditions, thus resulting in a total of 225 tests.
The three fuels used were current year cast ponderosa pine needles 
and two samples of decayed Douglas-fir wood having specific gravities of 
.0297 and .0226.
The fuel moisture contents were 4.9, 6 .7 , 8.8, 11.2, and l4.1
percent.
Ignition probe temperatures were 200, 300, 400, 500, and 600 
degrees Centigrade.
Variables controlled and measured were:
a) Fuel moisture content.
b) Ignition probe temperature.
c) Fuel weight per burning tray- 
Variables measured but not controlled were:
a) Specific gravity of the decayed wood.
b) Time to each ignition point.
c) Heat of combustion of the decayed wood.
Variables controlled but not measured:
a) Type of fuel.
b) Size and arrangement of decayed wood particles.
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RESULTS
A summary of the mean times to each ignition point for each fuel, 
moisture and temperature is given in Table I. A tabulation of the mean 
values of the replications within each treatment combination is given 
in the Appendix, along with the individual values for each test.
The analysis of variance shows highly significant fuel tem­
perature and moisture effects, a highly significant interaction between 
fuel and temperature, and a significant interaction between fuel and 
moisture.
A Duncan's Multiple Range Test conducted on the moisture means 
did not show a definite trend on the effect of increasing fuel moisture 
content. It was felt that the radiant heat being emitted by the ignition 
probe was drying out the fuels fast enough to cause a considerable de­
crease in fuel moisture content in a short time. Because of this, the 
fuel-moisture interaction was not considered to be reliable.
A summary analysis is presented in Table II with an analysis of
a.l 1 data being included in the Appendix.
Since T^ failed to ignite at any moisture level, the analysis 
did not include any data taken at thi;= temperature.
Eight principal relationships were seen to be evident. These 
are listed below and discussed in +;he next section.
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TABLE I
SUMMARY OF IGNITION TIMES
A. First Ignition Point
PL
1.01
F2
2.88
F3
2.06
Tl
%
^5
■- Mn
2.950.76
0.28
0.06
%
Me
0 .950.89
0.82
1.16
1.23
Tl
%T3
T4
T5
10.952.89
1.08
0.20
0.11
%
Mg
M3
M4
Me
2.45
3 .08
2.57
2.96
3.36
^2Ï3
Ti,
T5
7.65
1 .45
0.770.38
o.o4
%
Mq
Mo
M4
Me
1.63
2 .73
2.00
1 .70
2 .23
B. Second Ignition Point
Î1
3.28
F2
7.29
% --- Ml 2.367.96 Mg 3.90
3.23 M3 2.961.72 Ml 3.510.22 Mj 3. 68
%%T5
17.54
9.81
6.39
2.33
0.37
Ml
%
“ 5
6.16 
7.49
7 = 34 
7.72
7.75
■̂1
ITe
13.01 Ml 
7.16 M2 
5.132.91 
0.36
M3 Ml 
M5
4.69
6.21
5.97
5.576.12
C . Third Ignition Point
FI
1.89
F2
40.43
F3
27.65
I
?5
12.15
8.60
2.87
0.50
Ml
Mg
M3
Ml
M5
1.76
1.52
3.92
1.10
I.l4
ilTg
Te
46.03
39.81
35.3738.85
42.83
MlMg
M-
37.80
39.6338.18rig j
Ml 42.92  
43.60
Tg
Ti
M,
33.9127.84
25.16
23.632".70
M^ 23.37  
26.25  
Mk 27.91  
Ml 29.42  
M5 31.29
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1. There is a significant difference in time t: the first and second
ignition points for Fg and F but no difference in time to the third
ignition point.
2. There is a significant difference in time to each of the three ig­
nition points when comparing Fj_ with either Fg or Fg.
3- The precise effect of fuel moisture content was net clearly shown 
in this experiment.
4. Temperature is significant in influencing the time to the first 
and second ignition points for all three fuels, but does not in­
fluence time to the third ignition point.
5. At an ignition probe temperature of 6OO degrees Centigrade, the 
time to the first ignition point, approached zero for all fuels.
6. Time to the first ignition point for all three fuels seemed to bear
a curvilinear relationship to ignition probe temperature in the 
300 degrees Centigrade to 600 degrees Centigrade range.
7 . Time to the second ignition point for all. three fuels seemed to
bear a linear relationship to ignition probe temperature in the 
300 degrees Centigrade to 6OO degrees Centigrade range, with the 
exception of the 300 degrees Centigrade temperature for F .̂
8. The fuel-temperature interaction requires further testing.
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TAÜLE II 
ANALYSIS OF YARIMCE
Variation due to: Sum Degrees Mean Sample
Squares of Squares F
Freedom
A. First Ignition Point
Fuel 1.974 D 0.987 11.633 **
Temperature 51.207 3 17.069 201.163 **
Moisture 1.414 4 0.354 4.166 **
Fuel X Temperature 5-644 6 0.941 11.087 **
B. Second Ignition Point
Fdel 21.03T 2 10.518 21.822 **
Temperature 537-210 3 179-070 3"l-5l8 **
Moisture 9.602 4 2.420 5-022 **
Fuel X Temperature 26.267 6 4.370 9-003 **
Third Ignition Point
Fuel 2768.059 2 1384.030 7.874
Temperature 10000.102 3 3333-367 18.964 **
Moisture 2548.817 4 637-204 3.625 *
Fuel X  Temperature 21887.029 6 3647.038 20.753
Fuel X  Moisture 4137-935 8 517-242 2.943
DISCUSSION
1. There is a significant difference in time to the first and second 
ignition points for F2 and but no difference in time to the 
third ignition point.
It should be noted that the significance of tests holds at
the second ignition point but fails at the third ignition point. This
is important because the probe was removed at the time the second 
ignition point was reached and the samples were then allowed to burn to 
the third ignition point without further influence from an outside 
source. This tends to indicate that the presence of the ignition probe 
was responsible for the time differences to the first and second ignition 
points.
Fry grinding the two fuels in the Wiley Mill; they were made as
much alike in all their physical characteristics as possible, except
specific gravity and color, neither of which was altered. It may have 
been the darker color of F^ which allowed it to absorb more of the radiant 
heat from the ignition probe and thus burn to the first and second ig­
nition points faster than the lighter colored F2 .
F^ may also have had a lower volatile content than Fg and so 
there was no delay of spontaneous ignition due to rapidly emerging gases.
The non-significant difference in time between the second and 
third ignition points seems to indicate that th.e s?na-l difference in 
specific gravity of the two fuels did not influence th.eir rates of 
combustion.
The large variability in time required for individual samples 
to burn to the third ignition point resulted in a large least significant
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range term in Duncan's Multiple Range Test.^ This large variability may 
have been responsible for masking the effect of the difference in spe­
cific gravity between the fuels. This experiment^ then, could not dis­
pute McWaughton's finding (igll) that a species of wood having a low 
specific gravity can be expected to ignite more readily than one of a 
high specific gravity; all other conditions being equal.
2. There is a significant difference in time to each of the three 
ignition points when comparing with either Fg or F^.
This difference is due to two effects. At Tg; T^ and T|̂ smol­
dering combustion occurred more frequently than flaming combustion.
Time to the second ignition point was recorded when the smoldering com­
bustion of any one needle first reached the boundary of the second ig­
nition point. It cannot be said that a pine needle burned at a faster 
rate than an equal volume of rotten wood in the same physical configu­
ration would have, but the quantity of fuel in one pine needle is much 
more strictly limited than in a bed of ground up rotten wood. This 
limited quantity of fuel in each pine needle, combined with a better 
oxygen supply in a loosely packed bed of pine needles resulted in a 
shorter time to the first and second ignition points for
In nearly all cases, combustion cf F^ did not reach the third 
ignition point unless flaming occurred. The rapid advance of flaming 
combustion relative to smoldering combustion accounts f"r the significant 
difference in time to the third ignition point when comparing F^ with 
Fg or F^.
■̂ See Appendix, page 54.
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3- The precise effect of fuel moisture content was not clearly shown 
in this experiment.
Moisture was shown to have a significant effect in the main an-
2 oalysis of variance; however, Duncan's Multiple Range Test of moisture 
means did not indicate a definite trend as to the effect moisture was 
having on time to any one of the three ignition points. The only trend 
which could be at all distinguished was that M^ appeared to be associated 
most frequently with longer times to each of the ignition points, while 
]ŷ appeared to be associated most frequently with shorter times to each
of the ignition points. The explanation for this probably lies in the
construction of the ignition probe. Since so much heat was being radi­
ated from the probe, especially at the higher temperatures, the absorption 
of this heat by the fuel probably altered the moisture content of the 
fuel rath’-r quickly, thus reducing its effect on combustion. This seems 
to be borne out somewhat by the fact that most of the significant tests 
of differences between moisture means occurred at the first ignition 
point. Duncan's Test showed few significant moist'ure mean differences 
at the second ignition point and none at the third ignition point. Thus
it would seem that length of exposure of the fuel t' the heat being
radiated by the probe was influencing the tests considerably.
4. Temperature is significant in influencing the time to the first 
and second ignition points for all three fuels, but does not 
influence time to the third ignition point.
Referring again to Duncan's Test, it is seen that for the first
^See Appendix, page 48.
3see Appendix, pages 50, 52, 54,
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ignition point, tests of significance were most frequent across one 
or more temperature means, while at the second ignition point, temper­
ature was significant even for all adjacent means. '.Ihis tends to in­
dicate two things. First, temperature differences of more than 100 
degrees Centigrade are necessary to assure a significant difference in 
time to initiating the first spark of combustion in pine needles and 
rotten wood. Secondly, the radiant heat emitted by the probe seemed to 
assure that over a longer period of time, 100 degrees Centigrade was 
enough of a temperature change to result in a significant time dif­
ference. Thus it would seem that for firebrands large enough to emit 
radiant heat for about six minutes or more, moderate temperature differen­
ces may be important in determining whether the firebrand will start a 
fire.
The fact that temperature had no effect on time to the third 
ignition point indicates that the rate of combustion of a fuel is not 
affected by the temperature of the igniting so'urce.
5. At an ignition probe temperature cf 600 degrees Centigrade, the time 
to the first ignition point approached, zero for all fuels.
Although the average time to the first ignition point did have 
a value of .11 minutes or less for each of the fuels, there were quite 
a number of instances in which each fuel ignited instantly when the probe 
came in contact with it. Without exception, when instantaneous ignition 
occurred in F^ or F^, it was accompanied by a, flame. However, flames 
accompanied instantaneous ignition only trx'ee out of the nine times it
^See Appendix, page 4$.
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occurred in F^- This may indicate that F3 had a lower percentage of 
volatiles than either F^ or Fg.
This experiment seems to indicate that 6OO degrees Centigrade 
is the approximate temperatuz'e at which instantaneous ignition of fuels 
similar to the ones studied can be expected to occur.
6. Time to the first ignition point for all three fuels seemed to bear 
a curvilinear relationship to ignition probe temperature in the 
300 degrees Centigrade to 6OO degrees Centigrade range.
It should be noted^ that as the probe temperature increases, 
the time to the first ignition point for each fuel decreases in a curvi­
linear manner. This shows a strong relationship between the rate at 
which heat energy is being transferred from an ignition source and the 
time required for that source to ignite adjacent fuel.
7 . Time to the second ignition point for all three fuels seemed to bear
a linear relationship to ignition probe temperature in the 300 degrees 
Centigrade to 600 degrees Centigrade range, with the exception of the 
300 degrees Centigrade temperatjce for F^•
It appears that after a sufficient quantity of fuel is burning 
the quantity of heat produced by the turning front overrides the effect 
of a temperature variation of the ignition so'iz'ce. A fairly constant 
rate of spread then changes the relationship to a linear one.^ The de­
viation of Fj_ at Tg may be explained by considering that a sufficient 
number of pine needles did not ignite to override o’:.5 effect of the 
ignition probe temperature.
8. The fuel-temperature interaction must be tested further.
5gee Appendix, page 6 3. 
^See Appendix, page
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It is felt that this experiment indicates that a fuel-temperature 
interaction may exist, hut that further testing is necessary to prove 
its existence and to disclose its nature.
7Upon graphing the fuel-temperature interaction, it is seen that 
time to both the first and second ignition points for all three fuels 
increases in the same order as the probe temperatur-e decreases. This 
relationship is also true for at the third ignition point; however, 
it breaks down for F^ and F^•
The interaction appears to originate in the time required for 
Fg and F^ to burn from the second to the third ignition point. Since 
the probe was removed when combustion of the fhel reached the second 
ignition point, it doesn't seem that the probe temperature should be 
involved in a fuel-temperature interaction at the third ignition point.
For this reason and because Duncan's Multiple Range Test of 
temperature means failed to show any significance at the third ignition 
point, and Duncan's Test was not significant when comparing Fp and F3 
means at the third ignition point, it is felt that the interaction 
must be tested further-
?See Appendix, page 62,
SUMmEY MU' C0NCr:3“05ÎS
Two-hundred twenty-five trays of fuel were burned to determine 
the effect of fuel, ignition probe temperature and fuel moisture on the 
time required for the fuel to burn to each of three reference points.
Eg and Eg were two samples of decayed Douglas-fir wood, both of which 
were ground in a Wiley Mill and passed tlsrough a two millimeter screen. 
Thus they differed only in specific gravity. Eg having a specific gravity 
of .0297 and E^ having a specific gravity of .0226, was current year 
cast ponderosa pine needles and so differed from Eg and E^ in species, 
size and shape, arrangement in the fuel bed and specific gravity.
Three trays were burned for each of seventy-five combinations of ignition 
probe temperatures ranging from 200 degrees Centigrade to 600 degrees 
Centigrade, fuel moishrres ranging from 4.89 to 14.13 percent and fuels 
of ponderosa pine needles and two different samples of rotten wood.
Controlled variables included fuel moisture content, ignition 
probe temperature, fuel weight per tray, type of fuel, size of decayed 
wood particle and arrangement of fuels.
The fuel was ignited in the center of the tray so it had an 
equal chance to burn in all directions.
The following effects were determined from fc^ study:
1. E burned to the first and second ignition point; faster
3
than Eg, but these two fuels exhibited no difference in vime to the 
third ignition point. E^, being of a darker color than Eg, probably 
absorbed a greater percentage of the radiant heat being emitted from 
the probe. Thus warmed, it burned to the first two ignition points
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faster. Upon removal of the probe, the fuels did not burn to the 
third ignition point at significantly different rates, indicating 
that the specific gravity differences between the two fuels was not 
having a decisive effect.
2. burned to each of the three ignition points faster than 
either Fg or F^. F^ burned to the first and second ignition points 
faster because of the limited fuel supply of a pine needle and better 
oxygen supply in the bed of pine needles as compared to a bed of ground­
up rotten wood. F^ burned to the third ignition point faster because 
of the more rapid advance of a flaming front when compared to a 
smoldering front.
3 . The precise effect of fuel moisture was not clearly shown, 
probably because the fuels absorbed enough heat from the ignition probe 
to alter the fuel moisture content rather quickly.
4. Temperatux'e differences of more than 100 degrees Centigrade 
are necessary to assure a significant difference in time to initiating 
the first spark of combustion in pine needles and ratten wood.
5 . At an ignition probe temperature of 60O degrees Centigrade 
the time to ignition approached zero.
6. Time to the ignition of a fuel is inversely proportional to 
the temperature of the igniting source.
7 . After a sufficient quantity of fuel is loaning, the heat 
produced overrides the effect of a temperatur'e variation of the igniting 
source.
A few suggestions for further study can be made.
1. Conduct the same type of experiment using an ignition probe
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which doesn't radiate as much heat, and with a greater variation of 
fuel moisture content.
2. Conduct tests to rate the effectiveness of various naturally 
occurring firebrands for starting fires in a standard fuel.
3- Conduct tests to rate the effectiveness of these same fire­
brands for starting fires in various naturally occurring fuels, at 
different moisture contents.
4. Determine how the relationship of heat exchange between 
firebrand and fuel changes as the fuel is ignited and begins to burn.
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APPENDIX A
Original Data. Time in minutes to first ignition point under different combinations of fuels (p),
moisture content (M)̂ , and ignition probe temperature (T)
^1 ^2 ^3
M3 M4 M5 % Mg M3 M^ % % M3 M5
7 .05 11.61 10.92 9.82 11.78 6.31 10.10 6.13 6.39 5.22
Tp 9 .45 9 ”77 6.4o 9 .00 11.75 5.05 9 .34 6.97 5.40 9.29
12.48 14.36 6.76 9 ”51 11.59 7.43 12.95 9 ”34 5”93 8.84
2 .9 8 2 .54 2 .07 3 ”66 3”&5 1.25 2 .50 3”62 3”54 3.00 1.26 1.03 1.51 1 ”Y5
To 3.29 2 .81 1 .9 8 3.24 3.64 2 .19 2 .17 3.64 3.76 3.02 1 .19 1.92 1 .57 1.24 1.88d 2.62 2.72 2 .49 3.00 3.57 1.48 2 .94 3.63 3.51 3.10 .83 1 .78 1 .36 1 .36 1 ”97
.98 .65 .90 .86 .62 .90 1 .29 1 .13 .99 1 .51 ”53 .«7 .94 .81 .83
T. .59 .95 .92 ”74 .72 1 .17 ”90 1.02 1.03 1.48 .50 . 62 .73 .82 1.003 .38 .51 .TV .88 1.01 .82 .69 • 97 1.20 1.17 .48 . 61 .87 .83 1 .08
.16 F.16 .iF ”38 M FO.OO FO.OO FO.OO ”37 ^7' .32 .42 .30 ~ 3 8 ~ .40
T, .27 F .27 .24 .40 ”50 .06 FO.OO ”19 .35 ”49 .28 .43 .38 .41 .394
.13 F.IO .23 ”34 ”37 FO.OO FO.OO ”25 ”31 ”50 ”38 .35 .31 .34 .52
FO.OO FO.OO F.06 F .25 FO.OO FO.OO FO.OO FO.OO FO.OO F .31 0.00 F .25 0.00 F .06 .12
Tr .04 FO.OO FO.OO F .15 ”15 FO.OO FO.OO FO.OO F .45 .06 0.00 FO.OO 0.00 FO.OO .095 FO.OO FO.OO FO.OO F .07 ”13 FO.OO FO.OO FO.OO F.63 .13 0.00 FO.OO 0.00 F .03 .08
io
-
p;
Ponderosa Pine Needles 
Douglas-fir (Sp. Orav. .030) 
Douglas-fir (Sp. Grav. .023) 
Flaming Combustion
%:Mg
M3
Mĵ
“5
3$ Fuel Moisture 
6^ Fuel Moisture 
9^ Fuel Moisture 
12^ Fuel Moisture 
15^ Fuel Moisture
%  - 
1 ;
200 C, 
300°C,4oo°c. 
500°c.
600°C.
APPENDIX A (cont'd )
Original Data. Time in minutes to second ignition point under different combinations of fuels (F),
moisture content (M), and ignition probe temperature (T).
?! 2̂ ^3
% M3 M5 Mp Mg M3 M̂ %5 ^1 M3 Mi, M5
^1
13.61
16.34
12.90
20.52
19.82
19.74
20.45
16.30
17.21
18.83 18.04 
17.64
17.72
16.31
17.95
10.88
8.89
11.30
15.57
15.41
16.01
12.93
14.39
14.05
12.49
12.71
11.23
11.80
15.64
12.78
T2
4.94
5.06
4.76
13.83
8.89
9.37
9.05
5.40
7.28
9.16
7.54
8.36
8.40
8.10
9.20
9.46
10.39
9.13
10.98
9.86
10.46
10.80
8.65
9.50
9.32
9.76
9.93
9.01
9.98
9.40
6.58
6.14
6.09
8.18
7.137.80
3.37 
6 .60 
8.20
7.91
7.25
7.11
7.49
7.337.30
^3
2.772.74
1.87
3.96 
2.94 
3.66
3.21
2.44
3.05
2.38
3.86
3.68
4.25
4.28
3.40
5.02
5.16
5.62
6.23
6.896.78
6.50
5.45
6.75
6.23
6.51 
6.71
7.52
7.50
6.93
4.12
3.98
3.62
4.46
4 0 66 
5.01
6.04
5.335.30
5.375.306.21
6.48
5.39 5.61
^5
2.232.02
1 .30
FI.35 Fl. 46 
FI.20
1.84
1.76
1.30
1.90
2.42
2.14
2.59FI.54F0.72
0.28
3.790.23
F0.20
FO.25
FO.29
0.41
3.394.40
4.10
3.85
3.40
3.23
3.85
3.37
3.08
2.62
2.68
2.%
2.86
2.55
3.17 3.61 
3.24
3.20
2.50
2.85
3.24
2.62
2.62
F0.12 
F̂ ^37 
1 FO 10
FO.O9
FO.O5P0.04
FD.IO
F0.06
F0.06
FO.30
FO.I9
10.19
F0.24
F0.60F0.74
0.13
0.l4
0.16
0.130.18
0.09
O.li
0.15
0.09
FO.36
FO.500.67
F0.40
FI .45Fl.OO
0.10
0.l4
0.13
0.50
0.13
0.16
0.60
0.15o.l4
FD.I9
70.14
F0.16
FI.23
F1.04
F1.15
-p-oo
APPENDIX A (cont'd)
Original Data. Time in minutes to third ignition point under different conditions of fuels (P),
moisture content (M), and ignition probe temperature (t ).
•1
T,
F-.
Ml
6.00
FO .32
P0.44
FO.30
IPl.47 
PI.60
5.09
PO.30
PO .35
PO.3I
12.15
8.60
P I .96
PO.30
P0.20
PO .30
Ml,
2.41
P I . 00
P0.44
0.56
M,
P I . 89 
P I .19
PO .75
PO.85
PI.04
47.05
41.02
44.49
35.44
42.06
34.08
25.09
32.57
42.25
29.65
45:34
37.82
4 9.
43 .
44,
20 
88
21
36 ,
36
4l
75
93
80
33
34 
30
34Ô
77
.52
36.13
48.30
M„
4 7 3 7
40.95
42.76
40.10
36.70
36.50
3 4 3 Ô
29.72
35.3536.20
39.89
37.10Ï1.8Ï
35.20
M,4
42.73  
46.80 
46.56
42.94
41.92
4o. 66
39.81
43.96
42.08
41.67
46.56
38.57
M,5
51.50
51.09
50.85
44.30
44.42
42.54
36.53
38.98
38.25
41.27
4i.8o
37.72
45.90
42.97
Fc
Mn
3ÔV85
27.81
28.40
2 6 .28'
23.65
23.90
22.13
21.10  
23.70
20.81
20.22
20.28
iBTfr
22.90
19.81
Mg
35.37
37.65
37.50
28.92
24.49
27.40
22.47
21.57
24.41
21.19
20.37
20.48
22.34
23.32
M.3
30.63
36.47
36.09
24.50
24.90
30.15
25.50
23.60
27.30
23 .08
26.10
21.70
30.00
31.86
26.79
M4
34.81
33.89
26.83
33.61
32.56
31.42
24.87
21.85
24.21
23.57 
28.79
25.58
34.60
33.94
30.86
Mc
34.61
37.59
40.15
30.25
28.10
27.42
32.08
31.71
31.15
28.34
28.40
25.46
30.33
31.75
32.00
-p--p-
APPENDIX B
First Ignition Point
Averages of replications within each treatment combination
Each entry is the average of three replications
Temp. Ave.
Temp. Ave.
Temp. Ave.
Temp. Ave,
1
^2 ^3
^1 M3 “ 5 1 M3 M4 “ 5 ^1 M3 M5
^1 9 • 66 11.91 8.03 9 .44 11.71 6.26 10.80 7.48 5.91 7 .78
^2 2 .96 2 .69 2 .18 3 .30 3.62
2 .95
1.64 2 .54 3.63 3 .60 3.04 1 .0 5
2 .89
1.65 1 .32 1.37 1 .87
1 .45
"3
0 .65 0 .70 0.86 0.83 0 .7 8
0 .76
0.96 0 .96 l .o 4 1 .07 1 .39 0.50
1 .0 8
0 .70 0 .85 0.82 0 .97
0 .77
0 .19 0 .18 0.22 0 .37 0 .43
0 .28
0.02 0.00 0.15 0 .34 0 .49 0.33
0.20
o.4o 0.33 0 .38 0.44
0 .38
0.01 0.00 0.02 0.16 0.09
0.06
0.00 0.00 0.00 0 .36 0.17 0.00
0.11
0 .08 0.00 0.03 0.10
o.o4
Moisture Aves. 0.95 O.89 0.82 I . I 6 1.23 2.^5 3-08 2.5T 2-96 3-36 1.63 2 .73  2.00 I .70 2.23 
Fuel Aves. 1.01 2.88 2.06
Temperature
Averages
Across
Fuels
2.43
0 .87
0 .29
0 .07
4̂'\_n
APPENDIX B (cont'd)
Second Ignition Point
Averages of replications within each treatment combination
Each entry is the average of three replications
Temp. Ave.
Temp. Ave.
Temp. Ave.
Temp• Ave.
?1 F2 A
A M3 “l Mg M3 Mî "5 A M3 “ 5
A 14.28 20.03 17 .99 18.17 17-33 10.36 15 • 66 13.79 11.81 13-41
A 4.92 10 .70 7 .24 8 .35 8 .57
7.96
9 • 66 10.43 9 .65 9 .67 9.66 
9.81
6 .27 7.70 7.06 7.42 7.37
7.16
A 2.46 3.52 2 .90 3.31 3.983.23
5.27 6 .63 6.23 6.48 7.32
6.39
3.91 4.71 5.56 5.63 5.83
5-13
1.85 1 .3 4 1.63 2.15 1.62
1 .72
1 .43 0 .25 2 .73 3 .78 3.48
2.33
2 .79 2 .74 3.34 2 .85 2.83
2.91
0.20 0.06 0 .07 0 .23 0.53
0.22
0.14 0.13 0.12 0.51 0 .95
0 .37
0.12 0.26 0.12 0.16 I.l4
0.36
ature
Averages
Across
Fuels
8.31
4.92
2 .32
0.32
Moisture Aves. 2 .3 6  3-90 2 .96  3-51 3-68 6.16 7-49 7-34 7-72 7-75 4.69 6.21 5-97 5-57 6.12
Fuel Aves. 3.28 7-29 5-71
-P-O
APPENDIX B (cont'd)
Third Ignition Point
Averages of replications within each treatment combination
Each entry is the average of three replications
•Temp. Ave. 
Within Fir el
Temp. Ave. 
Within Fuel
Temp. Ave. 
Wit] In Fuel
Temp. Ave. 
Within Fuel
F F
2 3
M3 M5 h M3 M̂ “ 5 ^2 “ 3
T 44.19 45.76 43.69 45.36 51.15 29.02 36.84 34.40 31.83 37.45
12.15
-  «  -------
12.15
37.19 38.49 37.77 41.84 43.75
39.81
24.61 26.94 26.52 32.53 28.59
27.84
h 8.60 8 .60 30.75 32.90 33.32 41.95 37.9235.37 22.31 22.82 25.47 23.64 31.6525 .18
A 2.72 37.73 42.69 40.2638.85 20.44 20.68 23.63 25 .98 27.4023.636.00 1 .9 6 2.41 2 .871 .54 35.95 36.13
"5 0 .35
0.32 0.26 0 .67 0.88
0 .50
41.58
48.30
38.51 42.56 44.91
42.83
20.49 23.96 29.55 33.13 31.36
27.70
Temper­
ature
Averages
Across
Puels
33.12
29.58
24.30
21.28
-p--u
Moisture Aves. I .76 I .52 3.92 1.10 l . l 4  37.80 39.63 38.18 42.92 43.60 23-37 26.25  2 7 .91 29.42 31.29
Fuel Aves . 1.89 4o . 43 27.65
SOURCE
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APPENDIX C 
Analysis of Variance 
First Ignition Point 
SUM OF SQUARES DEGREES OF FREEDOM MEAN SQVA?:E F RATIOS
Third Ignition Point
SIG.
Mean 50.105 1
A 1.974 2 .987 11.633 •JHfB 51.207 3 I7.O69 201.163 **C 1.4l4 4 0.354 4.166 *
A X  B 5.644 6 0.941 11.087 **
B X  C 0.835 12 0.070 0.820
A X  C 0.759 8 0.095 1.118Residual 2.036 24 0.849
Total 113.976 60
Second Ignition Point 
SOURCE SUM OF SQUARES DEGREES OF FREEDOM MEAN SQUARE F RATIOS SIG.
Mean 943.749 1
A 21.037 2 10.518 21.823 **
B 537.210 3 179.070 371.518 **
C 9.682 4 2.420 5.022 **
A X  B 26.267 6 4.378 9.083
B X  C 12.161 12 1.013 2.103
A X  C 2.987 8 0.373 0.775
Residual 11.568 24 0.482
Total 1564.661 60
SOURCE SUM OF SQUARES DEGREES OF FREEDOM MEAN SQUARE F RATIOS SIG
Mean 76045.871 1
A 2768.059 2 1384.030 7.874 iex-
E 10000.102 3 3333.367 18.964
C 2548.817 4 637.204 3.625 *
A X B 21887.029 6 3647.838 20.753
B X  C 2125.386 12 177.116 1.008
A X  C 4137.935 8 517.242 2.943 *
Residual 4218.48o 24 175.770
Total 123731.660 60
Note: In the above table ; A, B, and C are fuel,, moisture and temperature
respectively.
APPENDIX D 
Duncan's Multiple Range Test
The bar graphs -which accompany Duncan's MlLtipie Range tests 
show the differences between compared means. If the difference, as 
indicated by the height of the bar, exceeds the Least Significant 
Range, as indicated by the short horizontal line accompanying each bar, 
then the difference between the means compared is significant.
k9
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APPENDIX D (cont'd)
Duncan's Multiple Range Test 
of Fuel and Moisture Means 
First Ignition Point 
S_ = l^rror mean sq./r
X
8_ _ YÔ82373
X
s_ = 1/0275
X
8_  = .1658
X
Value of p 2 3 4 5
SSR 2.86 3.01 3.10 3.17
LSR 0.47 0.50 0.51 0.52
1̂ 2̂
Ml Ml M3 Ml PL Mg Me M5 1M3 j_ |^ ^ %  M^ Mj^  3 ^ M^ M M^ M^
I.&2 0.89 0.95 1.16 1.23 2.45 2.57 2.96 3.08 3.36 1.63 1.70 2.00 2.23 2.7:
Me -  M o= 0 . 4 1 ^ 0 . 5 2  Me -  ]VL= 0 . 9 1  > 0 . 5 2  *  Mg -  M ^=  1.10 > 0 . 5 2  *
M l  -  Mg= 0 . 3 4 ^ 0 . 5 1  M^ -  M l = 0 . 7 9  > 0 . 5 1  *  M2 -  M p a l . 0 3 >  0 . 5 1  *
Me -  Mn = 0 . 2 8 4 0 . 5 0  M5 -  M l  = 0.40 < 0 . 5 0  M^ -  M l  = 0 . 7 3  > 0 . 5 0  *
Me -  Mk =  0 . 0 7  6 0 . 4 7  Me -  Mg = 0 . 2 8  < 0 . 4 7  Mg -  ]VE s  0 . 5 0  =^0.47 *
M l  -  Mo = 0 . 3 4 ^ 0 . 5 1  M^ -  M p = 0.63 > 0 . 5 1  *  Me -  Mj_ =  0 . 6 0  > 0 . 5 1  *
M l  -  M l  = 0 . 2 7  < 0 . 5 0  Mg -  M3 = 0 . 5 1  > 0 . 5 0  *  Me -  M i  =  0.53 > 0 . 5 0  *
Mk - Mn =0.216 0.47 Mg - Ml =0.12 60.47 IG - M3 = 0.23 <0.47
M]_ - ME =0.13 <0.50 Ml - Ml =0.51 <0.50 * M3 - Mis o.37< 0.50
Ml - Mg =0.06 6 0.47 Ml - M3PO.39 <0.47 Mo - Mi= 0.30 <0.47
Mg - M3 s 0.07 6 0.47 M3 - Ml =0.12 6 0.47 Ml - Mi=0.07<0.47
A  7  1
1.01 2.06 2.88
Fp - F. = 1087 >0.50 * 
p| - Fo= 0.82* 0.47 *
F3 - Fi= 1 .05^ 0.47 *
2.00-
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APPENDIX D (cont'd)
Between
FuelsGraph of Olffereneee Between 
Fuel andINolstare Meins 
 First Ignition Pelni---1.80
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APPENDIX D (cont'd) 
Duncan's MPLtlple Range lest 
of Fuel and Moisture Means 
Second Ignition Point
S_ —  V error mean sq./r
X
8_ " \ f6072/3
X
8_ "V72024
X
S_ - .4500
X
Value of p 2 3 4 5
SSR 2 . 8 6 3.01 3.10 3.17
LSR 1.29 1.35 i.4o 1.43
fl Fg
M]̂  M^ Mg ^  Mg M|l Me %ML  M]_ ^ M4 M5 Mg
2.36 2 .96 3.51 3.68 3.90 5.16 7.34 7.49 7.72 7.75 4.69 5.57 5.97 6 .:U2 6 .:EL
Mg - Mn = 1.54 >1.43 * M - M i = 1 .59> 1-43 * 1.52 >1.43
Mg - Mg= o.94< i.4o Me - Mo = 0.414 1.40 Mg M4= o.64<i.4o 
Mg - % =  0.39 <  1-35 Me -  Mg =  0.26 4 1.35 Mg -  M o  =  0.244 1.35
Mg - Me = 0.22 4 1.29 Ml - M^^ 0.03 4 1.29 Mg - ME^=0.094 1.29
Me - Mi= 1 .32< 1.40 M4 - M. = 1.562*1.40 * M^ - Mi = 1.432» 1.40
Me - M o -0.724 1.35 M4 - Ml = 0.384 1.35 Me - M4 = 0.554 1.35
Me -  m  = 0 .1 7 /  1 . 2 9  M^ -  Mg = 0 . 2 3 4 1 . 1 9  Me -  M3  = 0 . 1 5 4  1 . 2 9
Mr - m  = 1.154 1.35 Mg - M^= 1.334 1.35 M3 - Mi = 1.284 1.35
Mi, -  M o =  0 . 5 5 4  1 . 2 9  Mg -  M3 = 0 . 1 5 4 1 . 2 9  M3 M^ =  0 . 4 0 ^ 1 . 2 9
M3  - 0.6041.29 M3  - .Ml S  1.184 1.29 M4 - M^ =0.884 1.29
^ 1  ^3 fp
3.28 5.71 T.29
*
*
*Fg - 4.01 > 1.35
Fg - Fo = 1 .58^ 1.29 
Fg - F^ = 2.43> 1.29 *
2.00
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APPENDIX D (cont'd)
1.80'
Graph of Differences Between 
Fuel and Moisture Means 
 Seeond-Ignition-Poilit---
Between
Fuels
4.01 2.^
1.60-
1.40
1.20
i/>
4)
DC
iAC
C 1.00 
34-1
s
J 0.80
0.60
0.40
0.20
0.00 _ n CO u> J-
I
CM
cr\ ». _ ^ .- mcM»- "7 -Î , , • 1CMCSICMlTilAlA^^fA lAlAu\J\j--à'-JfMCMf^ CMtMNCMU\irilrir<S(^^li i 1 T *T TCM CM r>^
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APPMIDIX r (ccn^.'d)
Duncan's IVnitiple Range Test
of Fuel and Moisture Means
Third Ignition Point
S_ ■= V errc 'r mean sq./z 
X ,--------
8_ = -^76.2185/3
X
S_ =  ^ 50.7395
X
S_ =  7.6642
X
Value of p 2 3 4 5
8SR 2.87  3.02 3.11 3.18
L8R 22.00 23.14 23.84 24.37
Fp Fg
M2̂  M^ Mg %  Mg M^ M3 M^ M^ ]v̂ M3 M|̂
1.10 1.14 1 .52 1 .76 3.92 37.80 38.18 39.63 42.92 43.60 23.37 26.25 27.91 29.42
Mg - M  = 2.82 424.37 Me - M, » 5.80.6 24.37 Me - M, z 7.92 4 24.37
Mi - MC= 2.78423.84 Me - M;= 5.42< 23.84 Me - 5.04 < 23.84ivu ivua 4: . f O 4:j  .0 iYlc -  Mg % -  lYIp % p ,U  c:j .0
Mi - M ^ = 2 . 4 o <  23.14 m / - M i s  3.97< 23.14 Me - S3-38 <23.14
M 3  - Mp= 2.16 4 22.00 Mi - M p =  0.68< 22.00 Mi - Mp = 1. 8 7 4 2 2 . 0 0
M]_ - M p s  0 . 8 6  4 23.84 M4  - 1VL» 5.12< 23.84 Mj+ - ]V^= 6.05 <23.84
Mp - M c =  0 .624  23.14 Mp - M g S  4.744 23.14 M, - M^ = 3.17 <23.14
%  - %  = 0.2 4 4  2 2 . 0 0  - 1 ^ 3  3.29 < 22.00 M4  - M 3  = 1 . 5 1  < 2 2  . 0 0
M2 - M^= 0.42 4 23.14 Mg - M p =  1.83 4 23- l 4 M 3  - M. = 4 . 54 < 23.14
Mg - M e =  0 .384  22.00 Mp - M 3 3  1 . 4 5 4  22.00 M 3  - M^= 1.66 <22.00
M 5  - M^ a  0.04 4  22.00 M 3  - M ^ s  0.38< 22.00 %  - M^ =  2 . 8 8  < 2 2  .00
F3 Fg
27.65 40.43
Fg - F^ = 12.78 <22.00 
F3 - Fp = 25.76 > 22.00 *
-4------55_____ _̂______
ApIENDIX D (cont'd)
40.00
Graph of Dlff«r«noes Bstlwaen 
Fuel and Moisture Means Between 
■ fuels
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APPENDIX E
Duncan's Multiple Range pest 
of 'Pemperature Means 
First Ignition Point
8_% 0.1658
X
Value of p 2 3 4
S8R 2.86 3.01 3.10
LSR 0.82 0.86 0.89
^1 Fg
Tg Tg
0.06 0.28 0.76 2.95 1.11 0.20 1.08 2.89
Tg - Tc= 2.8970.89 * Tp - Pc«2.T8> 0.89 *
T2 - T4= 2.6T? 0.86 * Tp - 2.69> 0.86 *
Tg - To = 2.19? 0.82 * T? - To = 1.8l> 0.82 *
To - Tc= 0.70< 0.86 To - Tc = 0.97> 0.86 *
To - T^= 0.48<0.82 T3 - T^ = 0.88 >0.82 *
T4 - Tc= 0.22^ 0.82 T'l - T^ = 0.094 0.82
Between Temperatures
T̂  Ti, T3 Tg T̂  Tî T̂  Tg
o.o4 0.38 0.77 1.45 0.07 0.29 0.87 2.43
Tg - Tc= 1.4l >0.89 * Tg - T5 = 2.36 >0.89 *
Tg - Tp% 1.07 > 0.86 * T2 - T^= 2.14 >0.86 *
Tg - To = 0.68 4 0.82 Tp - To= 1.56 >0.82 *
To - Tc = 0.734 0.86 To - Tq = 0.80< 0.86
T1 - Tk= 0.39 4 0.82 T, 1^=0.5840.82
T^ - T^ = 0.34 4 0.82 Tl| - iy= 0.2240.82
JJ „ .  ... _
APPENDIX E (c ont'd)
Graph of Differences Between 
Temperature Means 
First Igrtîtron Fôîïît--
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0.50
0.00 n
Between
Temperatures
UN J -  CO UN UN
I I I I I •c*j CM -d*
UN J *  CN UN -3" UN
I I  I I • I
CM CM CM C*N -J*
UN ^  m  UN UN I I I  I I I
CM CM CM f»N r»N ^
Temperature
58
KFimDTX E (cont'd)
Duncan's Multiple Range lest 
of Temperature Means
Second xgnation Print
S__ -
X
0.4500
Value of p 2 3 4
SSR 2 . 8 6 3.01 3.10
LSR 1.29 1 . 3 5 l.4o
Fl
^ 4  :̂3 % 5̂
%
T4 ''5
0.22 1 .T2 3.23 7 /
3 "2
0.37 2.33 6.39 9.81
I
T2§
T4
Tq= 7.74>1.4o * 
*T4= 6.24 >1.35 
To = 4.73 >1.29 * 
T c = 3.01 > 1.35 *  
Tr= 1.51 >1.29 * 
T^= 1.50 >1.29 *
-2T2
44>i.4o * 
48 > 1.35 * 3.42 >1.29 *
fc«  9
T( = 7.
-3Tc= 6.02 >1.35 *T?= 4.06>1.29 * 
T̂  - T^= 1.96>1.29 *
feea Temperatures
Tc
k
I
T,, T3 Ï2
0.36 2.91 5.13 7.16
Tcs 6.80 > 1.40 
T4 s 4.25> 1.35 * 
To = 2 .03 > 1.29 *
T5 * 4.77 >1.35 *
Th = 2 .22> 1.29 *
Tc = 2 . 55> 1.29 *
L I I , II. I • I"5 “4 -"3 “2
0.32 2.32 4.92 8.31
I
Tp
i
:5= 7.99>l.4o *; ( = 5 .99 > 1.35 *  
To = 3.39>1.29 * 
= 4.60 >1.35 * 
37 =2.60 >1.29 *
=2.00>1.29 *
10.00
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APPENDIX E (cont'd)
Graph of DlfXerancea Between 
Temperature Means 
Second Ignition Point
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APPENDIX E (cont'd)
Duncan's Multiple Range Test 
of Temperature Means 
Third Ignition Point 
: 7.6642
X
Value of p 
8SR 
LSR
2 3 4  
2.87 3.02 3,18
22.00 23.14 23.84
Tc
■1
T,'5 4̂ "3 "2
0.50 2.87 8.60 12.15
Tp - 
Tp - Tp -
1:
Tc= 11.65 <23.84 
T^= 9-28 <23.14 
Tg= 3.55 <22.00 
Tc= 8.10 <23,14 
T^= 5.73 <22.00 
T5= 2.37<L22.00
Ti,■3 4 "2
35.37 38.85 39.81 42.83
;i
T4
T = 7.46 <23.84
14 ^ 3 .9 8  <23.14  
:2=  3.02 < 22.00
I .  = 4.44 <23.14
T4 = 0.96< 22.00 
%u = 3.1g 4 22.00
Eg
T4 T3 T5 Tg
23.63 25.18 27.70 27.84
T - T^= 4.21 <23.84 
- T? = 2.66 <23.14
Tg - Tr = 0.14 <22.00 
T5 - T̂  = 4.07< 23. l4 
Tc - T3 =2.52<22.00 
Tg - T4 = 1.55 <22.00
.between Temperatures
T,“5 "4 3̂ "-2
21.28 24.30 29.58 33.12
-2
Tp
Tp
--4
TV = 11.84 <23.84 
Tr= 8.82 <23.14 
3.54 < 22.00 
8.30 <23.14 
5.28<22.00 
3.02< 22.00
13 =
èl ^
APPMDIX E (cont*d)
Graph of Differences Between 
Temperature Means 
Third Ignition Point
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APPMDIX P
Graph of Inféra,chror. between Pael and lemperature
for the Tr.r--’ Igr.ition Poin '
Ignition Point
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APPENDIX G
Graph of Time to First Ignition Point for Each Fuel at
Varying Ignition Probe Temperatures
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APPMDIX G (cont'd)
Graph of time to Second Ignition Point for Each Fuel at
Varying Ignition Probe Temperatures
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APPENDIX G (cont’d)
Graph of Time to Third Ignition Point for Each Fuel at
Varying Ignition Probe Temperatures
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APPENE'ÏX H 
BJEN PATTEMS
The following pictures show various burn patterns which re­
sulted from the smoldering combustion of and P̂ . The burn patterns 
shown by the pictures labeled Fg occurred occasionally in both Fg and 
F^ samples when ignition probe temperatures of 500 degrees Centigrade 
or 600 degrees Centigrade were used. In these cases, flaming ignition 
occurred instantaneously, and spread rapidly over the surface of the 
sample to the second ignition point. Consequently, insufficient heat 
was produced to result in ignition of a uniform smoldering front after 
the probe was removed. Frequently, only one or two small spots of 
smoldering combustion were established and the perimeter of the fire 
spread irregularly from them.
The picture labeled F is characteristic of the type of burn 
pattern which resulted at ignition temperatures of 400 degrees 
Centigrade or less.
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APPENDIX H (cont'd)
Fuel 2 Fuel 2
Fuel 2 Fuel 3
Burn Patterns in Decayed Wood Samples
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APPENDIX I 
Heat of Combustion cf Fg
Ttiree runs were made in the calorimeter with these results:
$131-40 calories/gram 
5149-53 calories/gram 
5118.59 calories/gram 
Average heat of combustion at 2.735^ moisture content:
5133-17 calories/gram 
Average heat of combustion (ovendry basis):
5133-17 calo/gm-+  (1.000 - O.02735) =- 5277-51 cal./gm.
5277.51 calories x l.B =  9499.52 p.I.E./lb. (high heat value) 
Low heat value:
9499.52 B.T.U./lb. - 524 3.I.D./I:. = 8975.52 B.I.U./lb.
8975.52 T 1.8 = 4986.40 cal./gm.
APPMDIX I (cont'd)
Heat of Combustion of
Three runs were made in the calorimeter with these results:
5395*52 calories/gram 
53^1*87 calories/gram 
5299*78 calories/gram 
Average heat of combustion at 2.985^ moisture content:
53^5*72 calorie s/gram 
Average heat of combustion (ovendry basis):
5345.72 cal./gm. 7 (1.000 - 0.02985) - 5510.20 cal./gm. 
5510.20 calories x 1.8 = 9918.36 B.T.U./lb. (high, heat value) 
Low heat value:
9918 B .T .U ./lb . - 524 B .T .U ./lb . ^ 939^*36 B .T .U ./lb .
9394.36 i 1.8 =* 5219.09 cal./gm.
TO
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Specific Grai/ity Determination 
Based on Oven Dry Weight and Volume When Saturated
5.01 =
24.60
7.12 =
26.82
14.71 = 41. i8
6.95 =27.61
15.65 =
Î2.08
6.61 - 
21.19
5.51 ^ 18.86
9.29 _
33.72
6.51 =
21.28
5.41 ^ 
Ï3173
Ave.
.0236
.0265
.0357
.0252
.0382
.0312
.0292
.0276
.0306
.0289
.0297
4.79
20.94
6.03
23.73
3.96
17.28
2.64-
3.70 = 
Ï63F
4 . 3 5 =
19.57
3.53
15.60
4.3920.42
2.6311.21
3.21
i3: W
Ave.
.0229
.0254
.0229
.0191
.0226
.0222
.0226
.0215
.0235
.0231
.0226
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APPENDIX K
Table of Fuel Moisture 'Contents
Salt KOE MgClg MgNOj NaCl Nag 80
No. Samples Date % M2 M3 M5
2 2/23 10.38
11 3/2 11.40
6 3/4 11.28
6 3/10 8.55
6 3/11 8.68
k 3/15 9.65
6 3/16 10.42
6 3/18 6.99
6 3/23 6.74
6 3/24 6.66
6 3/25 6.61
6 3/30 5.22
3 3/31 4.24
5 4/1 4.88
6 4/13 14.32
6 4/l4 13.97
6 4/15 14.10
Average Mbistare Con'tent i'fo)
% M3 M5
4.89 6.67 8.80 11.25 14.13
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APPENDZ( :
Schematic Diagrams of Electrical Circuit.;
200 °C
 ^ A A / W w W -  ^ W W V ---
53 V4.5 A 
11.8/i
%
53 7 
4.5 A 
11.8 8.1 V 
4.5 A 
1.8/i
300 Oc
51 V 
6.7 A 
7.6/i
R.1
- w w y w —
51 V 6.7 A k 7.6/i <
Ro <
12.1 V 
6.7 A
1.8/i
H
-A/WVVVi-
48 7 
8.9 A 
5.4/i
R.1
4oo °c
V\AAAA
16.0 V 
8.9 A
1.8/i
Resistance Measurements (-̂  )
Temp.
OQ Rl P2 "3 E4
200 11.8 11.8
300 7.6 7.6
400 5-4 5-4 4.'500 14.3 14.3 14.3
600 12.2 10.5 9.2 4.‘
Voltage Measureme;
Temp. R4°C Rl R2 P-3
200 53 53
300 51 514oo 48 48
500 53 53 53 36
600 46 46 46 40
R:
8.5
8.5
R5
34
4o
(prole)
1.
1 .
1 .
1 .
1 .
Z (probe) 
8.1 
12.1
16.0
20.0
25.0
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APPMDIK I: '.ccrA.'d)
Schematic Diagrams of Electrical Circuit;
500
36 V 36 V 53 V 53 7
20 V 
11.2 A 
1.8 -̂
110 V
600 °c
46 V46 74o 740 V
10.5-n-12.28.5-A.
110 V
Electrical Energy (Watts)
H* N roU)
o o o orv)
o
o
Icf H
o
;±ti:
o iiûi;
